I N 1948 McLean and Marshall (2) 3 reported on calcium-potassium relationships when both cations were present on Wyoming bentonite. Using precisely .similar methods we have extended the study to include the following clays: an Arizona bentonite, fraction < 200 mfj.; Putnam clay (beidellite), fraction < 200 m/i; illite from Illinois Grundite, fraction < 2 p; illite from Maquoketa shale, Calhoun Co., 111., fraction < 2 /j.; kaolinite from McNamee mine, Langley, S. C., fraction < 2 ^; halloysite, labelled Kamec kaolin-from North Carolina (the moisture content indicated that this specimen was about 23% hydrated halloysite and 77% metahalloysite), fraction < 2 /t; attapulgite, from Attapulgus, Ga., fraction < 2 ^. Of these' materials, three, namely the Putnam clay, illite from Grundite, and kaolinite have been used extensively in studies of single, cation ionization in this laboratory (1, 5, 6, 7).
In making quantitative'studies of two cations simultaneously, three sets of data are required, (1) the titration curve of the clay with the single monovalent cation, (2) the titration curve with the single divalent cation, (3) simultaneous determinations of the activities of both cations when they are present together qn the clay. In this way it is possible to make quantitatively three sets of comparisons, (a) hydrogen ion activities in presence of potassium or calcium, (b) potassium ion activities in presence of hydrogen or calcium, (c) calcium ion activities in presence of hydrogen or potassium. The first will not be considered here. The second, because of our use of membranes selective to monovalent cations, can be determined over a wide range with great precision. The third, which depends on the use of nonselective membrane electrodes, is restricted in accuracy and in range by the inherent limitations of a complex equation which make it impossible to determine very low activities of divalent cations in presence of larger activities of monovalent.
In reporting the earlier data, the potassium situation with hydrogen or calcium as the complementary cation, and the cal-. cium situation with hydrogen or potassium as the complementary cation, were shown graphically in two ways, namely, as actual activities, and also as fractions active. Since then we have come to a better understanding of the energy relationships and ,we have now adopted the practice of calculating from the fraction active the mean bonding energy of the-cation to the clay. Thus two desirable measures of the association of the cation with the clay have been achieved. The distribution of bonding energies for different amounts of a given cation is given by a definite curve, and the displacement or change in character of this curve when the complementary cation changes, can immediately be derived from the data.
In this communication we shall not discuss the different types of curve by which the energy relations of cations may be shown. The one employed here is the inteing energy for the whole of the particular sidered. This is obviously the most importa in relation to ionic environment and, alon measured activity, describes the immediate If f, the fraction active, is defined as a the measured cationic activity and c the tota tion of the particular cation in the system, th free bonding energy of the cation is given by = RT In 1/f. Complete dissociation of the the silicate surface would correspond to f ('A F) Cation = 0. (The differential formu in reference 3 is erroneous and should be d
The data, comprising detailed results fo enumerated above, are too voluminous for r here. The procedure used will be illustrate erence to Putnam clay only, and the qualita sions for the other clays will be summarized clusions, such as those concerning the eff concentration and of total degree of saturat briefly mentioned.
INTERIONIC RELATIONSHIPS IN P CLAY
Using standardized suspensions of 2.5% the hydrogen-potassium, hydrogen-calcium sium-calcium systems were prepared. It was that in preparing the mixed K-Ca systems addition of the hydroxides to the acid clay m ference to the measured activities. The po calcium activities and the mean free bonding various stages of neutralization and for vari tions of potassium and calcium at the assu lence point are presented in Figs. 1 and 2 . with potassium as it is affected by the presen gen or calcium as the complementary ion; F similarly how calcium is affected by the hydrogen or potassium. In each case the up the cationic activity curves and the lower pa free energy curves. Thus the situation as re sium in relation to the complementary catio and calcium may be seen at a glance from the case of calcium, calculation of the mean ing energy by the formula given above, is basis; the values per equivalent are used in the really significant quantity in these st
